Mean tropospheric soundings over different regions of the tropical belt lying between 30°N and S during different periods of the year are constructed and used to compute mean static stability (SS) over all regions and mean Richardson number (Ri) over monsoon regions in different isobaric layers. The results show that the vertical distribution of moist static stability based on values of equivalent potential temperature is remarkably similar in all regions, with high negative values near surface and high positive values in the upper troposphere, the level of transition from negative to positive value occurring at a level between about 700 and 500 mb. However, the investigation reveals the following regional and seasonal characteristics in values of mean static stability: (a) in any particular region, the lower troposphere is statically more unstable and instability extends to greater heights during the summer than during the winter; (b) during a particular season, the regions lying in the summer hemisphere show greater static instability extending to greater heights than those lying in the winter hemisphere: and (c) in any particular hemisphere, the atmosphere over the region/area lying near the equator is statically more unstable than that lying away from the equator.
Introduction
The mean soundings may, therefore, enable us to determine the state of static stability of the atmosphere.Results of such computation may be combined with vertical wind shear information to compute Richardson number which is the ratio of the rate at which work is done by buoyancy forces against gravity to the rate at which work is done by Reynolds stresses and which is of great importance in studies of atmospheric turbulence and convection.
Mean soundings
Special mean soundings based on data of three stations each were prepared for Caribbean region by Schacht (1946) , U. S. Weather Bureau (1948) and Jordan (1958) and for western Tropical Pacific region by Colon (1953) . Pisharoty (1959) studied the mean soundings of stations in the Indian region and compared them with those in the Western Tropical Pacific and Caribbean regions.
A major effort has been directed in the present paper to compute regional and hemispheric mean soundings for the whole tropical belt lying between 30°N and S during four seasons: (i) Dec-Feb; (ii) Apr-May; (iii) Jun-Aug; and (iv) Oct-Nov. For this purpose, the tropical belt is conveniently divided into nine regions, shown in Fig. 1 . No specific criteria were adopted for this division except that a measure of climatological homogeneity based on considerations of standard deviations of available soundings was ensured within each region. Since seasonal distributions are to be studied, areas lying on either side of the equator form separate regions. Monsoon area is delineated into regions which are predominantly continental (Region-I), oceanic (Region-VIII) and oceaniccontinental (Region-III). Predominantly desert and arid lands of Afro-Asia form a separate region (Region-II).
Region VII covers the Australian monsoon. Parts of Atlantic and Pacific lying north of the equator form regions V and VIa and those lying south of the equator form regions IV and VIb. The mean soundings in each region included the geopotential height, temperature, and dew-point at the standard pressure surfaces. The dew point values were ordinarily available up to about 500 mb. In a few cases only, they were available above this level.
Basic data for the purpose were taken from the following publications: (i) WMO/document No. 170, TP 84, 1965 Table 2 . A study of Table 2 appears to show that the standard deviation of the meteorological parameters is maximum over the desert region (Region II) and minimum over the oceanic region (Region VIII). Table 1 appears to show that differences between regional mean values of meteorological parameters in each hemisphere during a particular season are rather small. Large differences arise, however, between the hemispheres. This appears to suggest that it may be possible to compute hemispheric mean values of the meteorological parameters in a season by averaging regional mean soundings in each hemisphere.
Hemispheric mean soundings so computed are shown graphically in Fig. 2 
(a)-(b).
Temperature distribution as per ICAN standard atmosphere is also plotted in Fig. 2 (a)-(b) for comparison. Fig. 2 shows that in each hemisphere and during all seasons, large differences from ICAN standard atmospheric conditions are observed in the tropical belt. In general, the mean tropical atmosphere is warmer than the ICAN standard atmosphere upto about 12 km a. s.1 and colder aloft upto about 23 km. a. s.1. This finding appears to be in agreement with earlier findings of Colon (1953) , Jordan (1958) and Pisharoty (1959) who studied mean soundings in a few selected regions of the northern hemisphere and compared them with existing standard atmospheres.
Computation of static stabitlity
Mean atmospheric soundings for regions and hemispheres are then used to compute static Normand and Rao (1946) and Rao (1950) studied the distribution of wet bulb potential temperature in latitude and altitude, and, although the sounding stations they used were far from lying along a single meridian they arrived at some useful general conclusions in regard to regions of convective instability in which the wet-bulb potential temperature or the equivalent potential temperature diminishes with height. According to their investigation, the region of convective instability appears to stretch from about lat. 40° in winter hemisphere to about lat 60° in summer hemisphere and to rise to a height of 6-8 km near lat. 20° in summer hemisphere.
In another study Rao (1958) utilising available sounding data upto 1955 shows that convective instability upto 4 to 6 km is a normal feature of the upper atmosphere over India during the southwest monsoon season, June to September. In the present paper, mean static stability of standard isobaric layers is first computed for each region during each season using mean meteorological data presented in Table 1 (a) and (b). For this purpose mean equivalent potential temperature for each region was calculated using tables given by Rao (1953) . Fig. 3 shows the vertical distribution of potential temperature and equivalent potential temperature in region j during (a) winter, and (b) summer. It may be seen that during both the seasons whereas the potential temperature incereases uniformly with height signifying a high degree of static stability, the equivalent potential temperature at first decreases with height and then increases. This difference appears to be typical of tropical atmospheric conditions and agree with the findings of Yanai (1961) who studied the vertical distribution of dry and moist static stability at Eniwetok (12°N, 161 °E) . For computation of mean static stability in the layer below 850 mb, the static stability at individual stations is first found and then averaged for the region. To this end, equation (2) is modified to the following form.
where T and p are the mean air temeprature and pressure for the layer between surface and 850 mb and R is the gas constant for air. Table 3 presents the mean seasonal values of moist static stability in different regions of (a) northern hemisphere and (b) southern hemisphere. It may be seen from Table 3 that the trend of variation of moist static stability with height is remarkably similar in all regions, with high negative values near surface and high positive values in the upper troposphere, the level of transition from negative to positive value occurring somewhere between about 700 mb and 500 mb.
However, the following regional and seasonal features are note-worthy : (a) In any particular region, the lower troposphere is statically more unstable and instability extends to greater heights during the summer than during winter. (b) In any particular period, the regions lying in the summer hemisphere show greater static instability extending to greater heights than those in the winter hemisphere; and (c) In any particular hemisphere, the atmosphere over a region lying near the equator is statically more unstable than that lying away from the equator. This would be evident from Fig. 4 which shows the vertical distribution of mean moist static stability in Regions I and III during OctoberNovember. It shows the lower troposphere in Region III which lies closer to the equator to be statically more unstable through a greater depth than that in Region I. Hemispheric mean values of moist static stability during different seasons are presented in Figs. 5(a) and (b) . In Fig. 6 are presented the vertical distribution of moist static stability along meridian 75°E during (a) January, and (b) July. Fig. 6(a) shows that although low static stability is a general feature of the lower troposphere in the tropics, the equatorial region appears to be statically most unstable during January. Fig. 6 (b) appears to show that during July high static instability is found not only near the equator but also in the lower troposphere over India north of about 20°N. Fig. 6 (a) and (b) show that the upper troposphere above about 250 mb is generally very stable during both January and July.
Distribution of Richardson number, Ri
Using the values of static stability discussed above, the paper proceeds to compute the vertical distribution of Richardson number, Ri, for regions where Rid and Rim are values of Richardson number in dry and moist atmospheres respectively and u, v are components of wind velocity along coordinate axes x, y, pointing to east and north respectively. The Richardson number is computed for standard isobaric layers of the atmosphere upto 100 mb for the monsoon regions, viz. Regions, I, III and VIII, using equation (4) which assumes K.R. Saha and S.S. Singh 321 a saturated atmosphere. Wind data for this purpose are taken from the records of the regional meteorological services. For comparison, Richardson number is also computed for Region I using equation (3) which is valid for a dry atmosphere. Since vertical wind distribution in a region is likely to vary from station to station and simple averaging on regional basis may not be meaningful, Richardson number for each layer was computed on station basis and then averaged regionally. The surface layer extended from station level to the next standard pressure level. Table 4 gives the vertical distribution of mean seasonal values of Richardson number, based on moist static stability, in respect of monsoon regions, I, III, and VIII. Table 5 gives the corresponding values of Richardson number for Region I, computed on the assumption of a dry or unsaturated atmosphere. The vertical distribution of Richardson number in respect of region I, computed on assumption of both dry and moist static stability would seem to show that, regardless of vertical wind distribution, the Richardson number computed on the basis of moist static stability is generally negative below about 500 mb and positive aloft in all seasons. Richardson number computed on the basis of dry static stability is however, always positive at all heights. In considering the likely errors of the values of Richardson number presented in Tables 4 and 5 it may be mentioned that monsoon winds in midtropospheric layers, particularly between 500 and 300 mb are usually light and variable and that the computation of their vertical gradients may be subject to considerable errors. A comparative study of the vertical variation of static stability, wind shear and Richardson number between a tropical station and a high-latitude station is provided in Fig. 7 which shows vertical variation of monthly mean values of these parameters at different pressure levels at Bombay (19°N, 72°E) and Omsk (55°N, 73°E) during January and July 1966. Because of extremely low values of wind shear reported at Table 4 . Seasonal values of Richardson number in Monsoon Regions.
(using moist static stability) 
Discussion
The picture that emerges from the present study is that over most parts of the tropics convective instability is a general feature of the lower troposphere during all seasons. However, except where the atmosphere is fully saturated, this instability must be regarded as of potential nature and not likely to be realised except when a convergence mechanism operates in lower levels to produce upward motion and release heat of condensation. For this reason, it has also been called potential or conditional instability. A number of workers have recently discussed the type and scale of convection that may result from the breakdown of a conditionally unstable atmosphere and shown that it may be largely on cumulus or cumulonimbus scale. Boundary layer convergence that may trigger off the instability energy of a convectively unstable atmosphere and play its role not only in cumulus scale convection but in the growth of large scale systems such as depressions and hurricanes has been discussed by a number of workers(for example, Ooyama, 1963; Charney and Eliassen, 1964; Ogura, 1964; and others) . The basic concept has also been applied by Charney (1967) , Pike (1968) and others to explain formation and growth of the inter-tropical convergence zone. Table 4 are to be taken with due caution.
Although the negative sign is determined by negative static stability, the high magnitude results largely from weak gradients of wind with height.
However, from information furnished in Fig. 7 , it would seem that high wind shears are normally associated with high static stability.
But the relation may not be unique for, as Richardson himself had pointed out, the Richardson number is very much dependent upon the state of turbulence.
